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A. TITLE : 

U. S .  GEOLCGICAL SuiiVFf 
VATER RESOLTtZCES DIVISZ0,Y 
SATTONAL RES"uiRCX Z'IICIGUM 

PROPOSAL TO DE?.UTME?iT OF E3EBCY 

Determination of c c ; l l o i d a l  and soiuclon-phase 
t r a n s p o r c  of mcriciun: and p l u t o n i u i  i n  g r ~ ~ ~ ~ d v ~ t e r  a i  
Rocky F l a t s  

8 .  P X O B E H :  C o l l o l d a ?  ?articles have been o b s e n e d  I n  gzounbgatzrs 
(Dcguc idre  e t  al., 1 9 6 9 ;  Saibu et al., 1985). Colloidal-size particles 
hove becn shown ro be m c b i l e  i n  aquifers (Harvey et al., 1989), 
Associnticn or' i r s o l u b l a  conCaminanKs with ground-dacer c o l r o i d s  is 
e x p e c t e d  to g r c o c l y  influence concaminant  transport (KcCarchy and 
Zachnra, 1989 ;  e t  al., 1991). A nrznber of studies has shown t h e  
i n p o r t z n c a  o f  t h i s  process i n  r a d i o n u c l i d e  transport (5uddemeLez ar,d 
HURC, i9eS; Pcnrose e t  a I ,  , lf?C). 

The p r e s e c c e  or^ c o l l o i d a l l y - a s s o c i a t e d  americium and p?uC:onfL= 
nus: be a s s e s s e d  Ta o r d e z  t o  p r e c i . c t  b o c h  :he groundrater crar;s?or= and 
tho p o c c n c l a l  e f i e t t i v e n e s s  of  romedLation p l a n s ,  P.8 d i f f i c u l : y  in 
cc~czaizfng the c n e n i c a l  n a c u z s  o f  g r o u n d u u c e r  c o l l o i d s  is a resulz of 
t h c i r  l o w  concrntraticns. C r o s s - f l o w  f i l c rac ion  'nus been a p p l i e d  zo the 
collcc:Fon of l i r g e  quanrities of colloids f o r  charac terLzac ioc  s ~ c e i e s  
(Rccs and R a n v i l l e ,  1990, R a r w i l l e  ec al,, 1991). A more c o q l e c e  
~ - d c z s t a n d i n g  or' chc s i z e  distribution and the chezical phases of 
n~acr!.ciun and plutonium-bearing c o l l o i d s  w i l l  improve p r e d i c t i v e  
c n p a b i l i t i e s  for borh groun&+ra:er t r a n s p o r c  (Earvey and Garbedian,  1 9 9 2  ; 
Eunc er a l . ,  1987; Travis and Nutta l ,  1987) and the effecCLvcness of 

. .  

- -  .Lmodintion proccdures such as f i l t r a t i o n  (Tob izson  and O ' X e l i a ,  l?83). 

C .  3 E S W . C H  OBJECTIVES; The research obj e c t i v e s  of t 5 i s  
i n v c s t i g n ~ i o a  o r e  co  Oecennine the dominant ?hasas c o n t r a l l i n g  the 
crans3or :  o f  c o n t a n d n n n t s  in groundvater  a t  the  Rocky F l a t s  s i t e .  
S p c c F f L c  research o b j e c t i v e s  i z c l u a e :  (1) decersicacion of chemical 
chnrncccris~lcs and mineralogy of c o i l o i d a l  m a t e r i a l  i n  surfacs  w a t e r  
orid groundvoter samples, as r e l s c c d  t o  t h e  ar'fin-lcy of c o l l o f d a L  
m a i a r i a l  for s o r p c l o n  of  arnericiu.. and p2uconium; (2)  d e c e r r n i n a c i o n  of 
distribution of  nmericiuz a n t  ?iutuniu~ between so1u:ion and c o L i o f d o L  
p h a s c s  o f  v a r y i n g  sizes; (3) c!cterr;l ination of the variation along a 
groun&+ra:er f l o w  pach in the d i s f z i b u t i o n  of a n e r l c i m  and pluzonfuz 
bccr;ccn S O ~ U C ~ G ~  and c o i l o i c i a l  pkares;  and (CI) i n c o q r e c a c i o n  of  the 
r c s u l t s  of phose c h a r a c t e r i z a t i o n  i n  regards to the behavior or' 
o m c r i c i ~ ~ z  and p?utonium d u r i n g  groundwater  t r a n s p o r t  and remediation. 
Evcn i f  the cor.cencracions o f  plutoniun and a m e r i c i u m  are undecectsble, 
this r e s c a z c h  vi11 a&.*ance t h e  overall understanding of colloids in 
groundwater and rill be u s e f u l  for p i n n n i z g  f u t u r e  r e r n e d i a c i o n  
3ctivities a: 2ockjr Placs, 
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(i.e. pcapicg r a t e s ,  redox c o n d i t i o n s .  e t c . )  vi11 5r used t o  
i n s u r e  c S a c x o i l o i d s  are not g e n e r a t e d  durins sampling. Vse o f  
differear:  p o r o s i t y  filters v i 1 1  provide s i z e  d i s t r i b u t i o n s  0 3  
c o l l o i d s  in the range 05 0 . 0 0 5  to 1 . 0  m i c r o n .  Eventual use of 
s p e c i a l l y - f a b r i c a t e d  track-etched membranes vi11 provide rncch 
bctcer size d i s t r i b u t i o n  data. S e q u m t i a l  e x t r a c r l o n s  o f  c o l l o i d s  
will provide information on the r c fn t r a log ica l  and chemical p h s s e s  
and tke  extent o f  aiiiericiwn and plutonium assocfa:ion uith t h e s e  
phoscs , SLY i n v e s t i g e c i o n  of c o l l o i d  c o n c e n t r a t e s  will also 
p r s i d s  chemical acd mineralogical i n P o m a t i o n .  

2 .  The r a d i o c h e m i c a l  a n a l y s e s  w i l l  be done by a DOE c o n c r a c r o r  ( 8 . 8 .  

L3s hlamos NatioRal Labora:ory). The procedures {or  processing 
and nnalysls o f  the c o l l o i d  and aqueous samples w i l l  be c o n s i s t e n t  
wich  p u t e n t l a l  hazards as indlcottd by p r i o r  data  f rorc  the si:e 
u n l  the results of the r a d i o c h e m i c a l  analyses. CSemLcal 
c h n r a c c e r i z a c i o n  o f  CQl lOidZl  phzses v:Li i n c l u d e  the falloving 
azalyzes: (1) e lement  cornposi tLon b y  various combustive 
c e c h n i q x e s  t'ot C ,  H, 0 ,  N, S and I and by d i g e s t i o n  and I C ?  
analysis for major and t r a c e  inorganic constituen:s, ( 2 )  s c a n r L n 3  
e l c c t r o n  ~icroscopy (SZX) t o  dctcrrnine a g g r e g a t i o n  and other 
n o r p h o l o g i c u l  charse:erLscLcs a x !  Z3X ( e n e r g y  dtspersive X-ray 
azalysis) L3r c o m p o s i t i o n  o f  rn tzer s l  g r a i n s ,  ( 3 )  F i i r t L c l e  s i z e  and 
s u r i a c e  c h r g e  by l i g h r  scetc+rLr .g  and e l e c c r o p h o r r t i c  mobility, 
and ( L )  organic c a r b o n  ar.d lipid c o n t e n t .  Some of these a n a l y s e s  
w i l l  t)e done by contzacc  l a h r a t o r i e s  (depending  o n  :be natxse  0 5  
t5.e sarnpies, either Huffman Laboratories or ?ace  i a b o r a c o r i r s ,  
-.ihich Ls licensed t o  r c c e l v e  rad<ooccivc s a r c ? l c s ) ,  1: a 
relntionship bcrvcca ~m and ?u conccn: and orqarric c a r b o n  con:er.c 
i s  observed, GC/MS o n j l y s i s  or' organic material in cc1io:Cs will 
be ?crforxred i n  our lab or Pace inboracorfcr. ?lie soluclon phases 
till 3e snalysed ,Cot pi i ,  major  ca:ior;s and a n i o n s ,  and dissolved 
o r g a n i c  carbon.  DeTending on the radiochemical zesu?cs, o x i d & c i O R  
s t a c e  analyses or' d i s s o l v e d  p1uconi;un w i l l  a l s o  be done f o r  the 
solution phase. In the :ins1 rear  of the stcdy, a sequential 
e x t r s c c i o n  p r o c e d u r e  w i l l  be d e v e l o p e d  and f l e l d  f l o v  
fractionation w i l l  be used to r e f l n e  size d e t e m i n a c l n s .  

3. h %ore oxtcnsive f'eld scudy w i l l  be designed based  upon cSe 
t n i r i a l  results, snd wL.11 involve c o l l e c r l o r t  or' samp2e.s from an 
array of existing wells.  
hydrolosic f lovpaths .  

Sanpi5r.g w i l l  include w e l l s  along knosr;: 

4 .  Resu1:s w i l l  be modeled w i t h  M I X Z Q  (a  cSernLcsl e q u i l i b r l m  
computer p r o p a " )  t o  a s s e s s  che importance of solubility c o n t r o l s ,  
i n c l u d i n g  polynuclear complexes, relat ive  t o  s o r p t i o n  by c o l l o i d s .  
The f i e l d  study will be interpreted based upon e x i s t i n g  
i n f o r m a t i o n  on hydrologic and mineroiogical  pro9crzies  o f  che 
a q u i f e r .  

L .  F XEPQRTS : ?.e infornotion collected i n  this s t u d y  w i l l  be 
maintained Ln USCS and DOE files, as descr iSed  ia the Interagency 
ACrccmcnt  (?.A), which is actachad. Incer?rocFve r e p o r c s  ? r e s e n t i n g  
r e s u i z s  of the sjt,~dy v i 1 1  be pte?ared as st!.?ula:ed LS :$.e Ih. hn 



ini:F,sl USCS Open-Fils report w i l l .  be p r t 7 a r e d  presentiog t h e  r e s u l t s  of 
='ne initial characccrization of che chcmis:ry and mineralogy o f  
colloidal m a t e r i a l  from che f i r s c  phase or' the scudy. A second repor :  
( 7 o ; e n t i a l l y  a journal a r t i c l e )  from che second phase Of the study w i l l  
p r e s e n t  the resulcs  f r o m  the d i s t r l b u c f o n  of americiun and p lu ionL*m 
bet-secn colloidal and solution phases in groundwater an& l n t e r p r e t  t h e s e  
results bascd upon geochemical pr9cosses. A t h i r d  repor :  w i l l  p r e s e n t  
cho rcsulzs on the variocion i n  the americium and p l u t o n i L 3  distribution 
along 5 g r o u n d u a t e r  f l o w  pach.  

E, SESEFITS: The investigation w i l l  u-cllltze new ar.alytlca1 methods 
to q u n n c i f j j  the r o l e  of  colloldai cransporc of traca im r gan i c  
contaninants in groundvoccr and surface wacer syscems. n e s e  r e s u l c s  
w i l l  bo d i r e c t l y  useful in pnegement  o f  environrnencal activities a t  cho 
Rocky F l a t s  f a c i l i t y ,  and vF1_1. also c o n t r i b u t e  co ~ h e  understanding of 
colloidal ; r a n s p o r t  processes in o t h e r  aquatic systems.  

C. PE2SOSNEL and QVALITLCATSONS: Scienclscs t;orkLfig dlreccLy on tha 
p r o j c c r  will be D i m s  EcSnighc ( p r o j e c c  c h i e f ) ,  J f r n  R a n * ~ l l l e  and Rfchard 
Harnls'n f r o n  USGS, Uater R c s o u r c c s . D i v i s i o n ,  National ?.csear~h  
?rog-:am (NRP). 
Ar.?mny (GSGS-XX?). Tnis group has s:udfed colloidal t r m s p o r t  
prscesses  in diverse envirorments over the pasz several years incLudir .2:  
(1) a c i d  m i n e  Ora innse  screams,  ( 2 )  Pueblo R c s e r ~ o i r ,  ( 3 )  Mississ ippi  
R i v e r ,  ( 4 )  wetlands, ami (5) an Aniarctlc deserc lake. F i e l d  sonpling 
a=  tke Rocky Flats s i t e  w i l l  be conduc:ed Ln coordination vi:!: p e r s o n z e l  
d c s i g n s c e d  by DOE and w i t h  ochcr  resesrchers working a c  che site. 
Initial r e s u l t s  w i l l  be discussed with o t h e z  scienciscs  LnvoiveC in 
?fiZ:ic-~li ir  aspects of the studfes at a o c v  Flats .  

L a b o r a t o r y  assistance will be proviCed by t i ickael  

I?. m-?4rT  A~.A-:HE FDR COX?'LETION OF STUDY: Tse o b j e c t i v e s  far ?kasa 1 v f l l  

ba c a r r i e d  ouc in =:?e p e r i o d  A U S G S C  1 9 4 1  chrou$h A T r i l  1992. me 
objcccivcs f o r  ?base 2 w i l l  be c a r r i e d  OUC i n  :he p e r f o d  May 1992 
c'nrouc:? Xarch 1993. 

Thase 1: Research Objectives 

L. Purchase and asscnble single-scage tangential-flcv 
EiLtracion s-jscsn i n c l u d i n g  enviroraencal c h a a b e r .  

2 .  Preliminary sampling of groundwatez (2-3 sites) and 
t s o l a c i o n  0s colloids. 

3. Subini; colloid samples and f i l t r a c e  for rsdlochemical and 
bulk c h e m i c a l  analysis. 

I r .  Perform SEX examination OF c o l l o i d s ,  

5 .  Evaluste preliminary sampling procedure and results Of 
colloid bulk chemical and radiochemical analysis, and 
p r e p a r e  initial repor:. 



6. ?urchase, asse-ble and tezt sequential tangcncial-flow 
f i l t r a t i o n  s y s t e m  with track-etched membranes to recite 
p r o c e d u r e s .  b a s e d  u-,on r e s u l t s  from preliminary sarcpling. 

Phasc 2: Re:carch Objectives 

1 .  Execute more extensive samp'ling Q: a nunber  o f  w e l l s  and 
e e s ? s  and isoiaza  c o l l o i d s  i n  tha s p r i n g  and sumncr. 

2. Submit colloid samples and filtrate for bulk chemical aad 
radiochemical analysis. 

3. Evaluate results from extensive sampling and chemical 
analysis. 

4 .  C e ~ e l o p  a sequential e x t r a c t i o n  procedure f o r  phase 
d e z e m i n a t i o n s  of c o l l o i d s  and associa:sd a n c t i c m  and 
p Lutonium . 

5 .  ?e:forrn sequential e x c r s c t i o n s  of colloids an& subrr,:: 
extractions for,ansiysis. 

6 .  Evaluara r e s u l t s  fn the confexc  or' remediaZion and 
groundwater transport, and ?repara : n c + q t e t i v e  repor-;. 

i. FUtiD 3XG : 

cs 15 
GS 1 2  
cs 7 
Equipmcnt 

Ana Lyses* 
i rave1 
Si?? overhead 

supp z i c s 

I 

Phase 1 
1 ma. $5,332 
6 m ~ .  $22,308 

26,211 9 x e o .  M , ,  

50,000 
7 , 000 

15  , 000 
7.000 

r r  937- s0,79D 
J J 1 -  

F'hase '2 
1 a o .  $5,332 
12 n o ,  $ 6 8 , 3 3 4  
12 PO. $27,248 .- 

7 ,  GOO 
30 000 

7 , 000 
49,960 '  

174,660 -3 3 3s2~71.00  

* cot fnciuding radiochemical  analyses 
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